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[57] ABSTRACT

Disclosed is an electronic part having a safeguard func-
tion for protecting the associated electronic equipment
against abnormally high voltages such as lightning
surge voltage. It is equipped with an element which cuts
off any continuous excess current so as to prevent the
surge absorbing element and the protected circuit from
being spontaneously ignited. This electronic part hav-
ing a safeguard function comprises: a surge absorbing
element (1); a low-melting-point metal element (23)
which is electrically connected in series with said surge
absorbing element (1) and which 1s held in contact with
said surge absorbing element (1) in such a manner as to
allow a satisfactory heat conduction therebetween; and
a thermocontractive insulating tube (25) which covers
over the periphery of said surge absorbing element (1)

and the periphery of said low-melting-point metal ele-
ment (23).

6 Claims, 19 Drawing Sheets
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ELECTRONIC PART HAVING SAFEGUARD
FUNCTION

TECHNICAL FIELD

This invention relates to an electronic part having a
safeguard function which is equipped with an element

that cuts off any excess current in an abnormal condi-
tion.

BACKGROUND ART

Nowadays, the number of functions with which an
electronic part is endowed has been increasing. As a
result, more and more electronic parts using semicon-
ductor devices are being adopted for use in household
electric equipment, information equipment, communi-
cation equipment, industrial equipment, etc. The semi-
conductor devices which are used in such electronic
parts are extremely sensitive to an abnormal voltage
such as static electricity or a lightning surge voltage.
Accordingly, it is not unusual to cause a malfunction of
the associated electronic apparatus or the destruction
thereof. Thus, it i1s very important to overcome the
problem of surge voltages in these semiconductor de-
vices so that the associated electronic apparatus may
have a higher degree of reliability.

‘To cope with this problem, a surge absorber has con-
ventionally been used. Such a surge absorber, however,
1s short-circuited when it malfunctions as a result of
deterioration, etc., so that there is the danger of its being
overheated and ignited. To avoid such an accident, a
number of measures have been proposed.

FIGS. 36 and 37 show the construction of a conven-
tional surge absorber. The surge absorber shown in-
cludes a surge absorbing element 1, and electrodes 24
and 206 provided on both sides thereof. The surge ab-
sorber also includes elastic leads 3 and 4, which are
connected to the electrode 2a by means of low-melting-
point solders §, and a lead 6, which is connected to the
electrode 256 by means of a high-melting-point solder
(not shown). The leads 3, 6 and 4 are connected, respec-
tively, to the connection terminals 8, 9 and 10 on a
supporting member 7.

The operation of this surge absorber, constructed as
described above, will now be described. FIG. 37 shows
the way 1n which this surge absorber is used. The con-
nection terminals 8 and 9 are connected to a power
source 11, and the connection terminals 9 and 10 are
connected to a circuit 12 which is to be protected. Nor-
mally, the section between the connection terminals 8
and 10 i1s short-circuited, and the section between the
connection terminals 8 and 9 has such a high resistance
that they are isolated from each other. When a surge
voltage is generated in the power line, the resistance of
the surge absorbing element 1 is lowered, and the sec-
tion between the connecting terminals 8 and 9 becomes
nearly short-circuited, with the result that the surge
current does not flow through the circuit 12 to be pro-
tected. Instead, the surge current flows between the
connecting terminals 8 and 9, thus allowing the surge to
‘be absorbed. When, in this circuit, a continuous excess
voltage 1s applied to the power line, a continuous excess
current flows to the surge absorbing element 1. As a
result, the surge absorbing element 1 is heated and fuses
the low-melting-point solder §, so that the elastic leads
3 and 4 are separated from the electrode 2a, as indicated
by the arrow in FIG. 38. Accordingly, the surge absorb-
ing element 1 and the circuit 12 to be protected are
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1solated from the power source 11. Thus, this surge
absorber acts as an electronic part having a safeguard
function.

The problem with this conventional construction is
that, when a continuous excess current flows through
the surge absorbing element 1 and causes the low-melt-
ing-point solders to melt so as to separate the leads 3 and
4 from the electrode 24, which have been connected to
the latter, an arc discharge due to the high voltage may
occur between the electrode 22 and the leads 3 and 4
which have been separated therefrom. Thus, the surge
absorbing element 1 cannot be perfectly isolated from
the excess current, which means that there 1s still the
danger of the surge absorbing element 1 being ignited.

DISCLOSURE OF THE INVENTION

It 1s accordingly an object of this invention to elimi-
nate the problem that an accident such as ignition may
occur to an electronic part when a continuous excess
current 1s allowed to flow into it.

In order to achieve this object, this invention pro-
vides an electronic part having a safeguard function,
comprising: an electronic part; a low-melting-point
metal element which is electrically connected in series
with this electronic part and which is held in contact
with this electronic part in such a manner as to allow a
satisfactory heat conduction therebetween: and a ther-
mocontractive insulating tube covering over the periph-
ery of the electronic part and as well that of the low-
melting-point metal element.

When, in this construction, a continuous excess volt-
age 1s applied to the electronic part having a safeguard
function according to this invention and a continuous
excess current flows into this electronic part to cause it
to be abnormally heated, the low-melting-point metal
element 1s fused by this heat, and then the thermocon-
tractive insulating tube contracts. The contraction of
this thermocontractive insulating tube causes the low-
melting-point metal element to be cut. In other words,
the thermocontractive insulating tube, which acts as an
insulator, 1s allowed to break into the low-melting-point
metal element, which has been fused. Therefore, the
excess current 1s totally prevented from flowing into the
electronic part, and, thanks to the presence of the ther-
mocontractive insulating tube, an arc discharge can be
avoided. In this way, this electronic part and the associ-
ated circuit to be protected (shown at 12 in FIG. 37.;
can be prevented from being ignited.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of an electronic part having a
safeguard function in accordance with a first embodi-
ment of this invention;

FIG. 2 is a side view of the same:

FIG. 3 is a sectional view of the same;

FIG. 4 1s a circuit diagram showing an example of the
way the electronic part of this embodiment is used;

FIG. §1s a front view showing a second embodiment
of this invention;

FIG. 6 1s a side view of the same;

FI1G. 7 is a sectional view of the same;

FIG. 8 is a circuit diagram showing an example of the
way the electronic part of this embodiment is used:

FIG. 9 1s a front view showing the essential parts of
a third embodiment of this invention:

FIG. 10 1s a front view showing the essential parts of
a fourth embodiment of this invention;
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FIG. 11 1s a side view of the same:

F1G. 12 1s a front view showing the essential parts of
a fifth embodiment of this invention;

FI1G. 13 1s a side view of the same:

FIG. 14 1s a front view showing the essential parts of 5
a sixth embodiment of this invention:;

FI1G. 1§ is a side view of the same:

FIG. 16 1s a front view showing the essential parts of
a seventh embodiment of this invention;

FIG. 17 1s a front view showing the essential parts of 10
an eighth embodiment of this invention;

FIG. 18 is a side view of the same:

F1G. 19 1s a front view showing the essential parts of
a ninth embodiment of this invention;

FI1(G. 20 15 a side view of the same;

F1G. 21 1s a front view showing the essential parts of
a tenth embodiment of this invention;

FIG. 22 i1s a perspective view of the same;

FIG. 23 is a front view showing the essential parts of
an eleventh embodiment of this invention:

F1G. 24 15 a front view showing the essential parts of
a twelfth embodiment of this invention;

FIG. 25 15 a perspective view of the same;

FIG. 26 1s a front view showing the essential parts of
a thirteenth embodiment of this invention:

FIG. 27 1s a perspective view of the same;

FIG. 28 1s a front view showing the essential parts of
a fourteenth embodiment of this invention;

FI1G. 29 is a side view of the same;

F1G. 30 is a front view showing the essential parts of 30
a fifteenth embodiment of this invention;

FI1G. 31 1s a side view of the same;

FIG. 32 1s a front view showing the essential parts of
a sixteenth embodiment of this invention;

FIG. 33 is a side view of the same; -

FIG. 34 is a front view showing the essential parts of
a seventeenth embodiment of this invention;

FIG. 35 1s a side view of the same;

FIG. 36 1s a front view showing the construction of a
conventional surge absorber;

FIG. 37 1s a circuit diagram showing an example of
the way this surge absorber is used; and

FIG. 38 1s a side view illustrating the operation of this
surge absorber.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 1 1s a front view of a surge absorber having a
safeguard function which constitutes a first embodiment
of an electronic part having a safeguard function of this 50
invention. FIG. 2 1s a side view taken in the direction of
the arrow A of FIG. 1, and FIG. 3 is a sectional view
taken along the line B-C of FIG. 2. In FIGS. 1, 2 and 3,
the reference numeral 21 indicates a surge absorbing
element of the type which is disclosed, for example, in
U.S. Pat. No. 3663458 and No. 4045374. This surge
absorbing element includes a cylindrical base body,
whose flat end sections are equipped with electrodes
21a and 215, respectively, which are formed through
the baking of silver paste, etc. Metal connecting leads 60
21c¢ and 21d, which are made of a good conductor of
electricity such as copper or brass, are connected to
these electrodes 21a and 215, respectively, by means of
a high-melting-point solder (not shown) or the like. The
reference numeral 22 indicates an insulator, which is 65
made of an inorganic non-metal material such as glass
and which partly or entirely covers over the surface of
the surge absorbing element 21. The reference numeral
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23 indicates a low-melting-point metal element such as a
solder wire of a tin/lead eutectic alloy. One end of this
low-melting-point metal element 23 is connected to the
connecting lead 21c and the other end thereof 1s con-
nected to a connecting lead 24, which are made of a
good conductor of electricity such as copper or brass,
both connections being effected by soldering or the like
in which a laser, etc. is used. The reference numeral 25
indicates a thermocontractive insulating tube which is
made, for example, of silicon, which excels in heat resis-
tance, flame resistance, and arc resistance, and which is
adapted to contract, when heated, to a diameter smalier
than that of the surge absorbing element 21. This ther-
mocontractive insulating tube 25 covers over the pe-
riphery of the surge absorbing element 21 and as well
that of the low-melting-point metal element 23 in such a
manner that the insulator 22, with which the surface of
the surge absorbing element 21 is coated, is in- close
contact with the surface of the low-melting-point metal
element 23, holding them firmly together. The refer-
ence numeral 26 indicates an insulating-resin fixing sec-
tion, which 1s made, for example, of polyphenylene
sulfide so as to excel in heat resistance, flame resistance,
and arc resistance, and which is attached to the connect-
ing leads 214 and 24 by insert-forming or the like so as
to be in close contact with these leads. The parts indi-
cated by the reference numeral 26a and 265 belong to
this insulating-resin fixing section 26. These parts partly
cover over the connecting leads 214 and 24, thereby
securely keeping the creeping distance between these
connecting leads. The reference numeral 27 indicates an
insulating-resin enclosing section, which is made, for
example, of polyphenylene sulfide and which excels in
heat resistance, flame resistance, and arc resistance.
This insulating-resin enclosing section 27 is closely at-
tached to the insulating-resin fixing section 26 by ultra-
sonic welding or the like so as to prevent the low-melt-
ing-point metal element 23 from being scattered when it
1s fused and to provide moisture proofness.

The operation of this surge absorber with a safeguard
function, constructed as described above, will now be
described. In the example shown in FIG. 4, this surge
absorber having a safeguard function is applied to a
communication line (such as a telephone line). The
reference numeral 28 indicates a signal source, which is
connected to the connecting leads 214 and 24 of this
surge absorber with a safeguard function, and the refer-
ence numeral 29 indicates a protected circuit, which is
connected to the connecting leads 21d and 24. Since the
operation starting voltage (the varistor voltage) of the
surge absorbing element 21 is set higher than the peak
value of the signal source 28 (the sum of the circuit
voltage and the peak value of the lingering signal), the
section between the connecting leads 214 and 24 exhib-
1ts a high resistance, so that the circuit is nearly open. If,
in this communication line, a surge voltage is generated,
the resistance of the surge absorbing element 21 is low-
ered, and the section between the connecting leads 21d
and 24 1s nearly short-circuited, so that the surge cur-
rent does not flow through the protected circuit 29 but
through the section between the connecting leads 214
and 24, thus absorbing the surge.

A communication line like this, however, is in many
cases in close proximity to a power cable. If a continu-
ous excess voltage (which 1s higher than the operation
starting voltage of the surge absorbing element 21) is
generated when this power cable interferes therewith is
applied to this communication line, a continuous excess
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current flows through the surge absorbing element 21.
If the value of this continuous excess current is higher
than the maximum non-fusing current, value for the
low-melting-point metal element 23 (the value is deter-
mined by the material and the diameter of this metal
element), the low-melting-point metal element 23 1s
fused because of spontaneous exothermic effect due to
the Joule effect. If the value of this continuous excess
current 1s lower than the maximum non-fusing current
value mentioned above, the surge absorbing element 21
is gradually heated, and this heat is transmitted through
the insulator 22, which is made of a material with good
heat conductivity, to the low-melting-point metal ele-
ment 23, thereby fusing this metal element. In either
case, the thermocontractive insulating tube 25 contracts
in the radial direction simultaneously with the fusing of
the low-melting-point metal element 23, and the low-
melting-point metal element 23, which has been fused, 1s
forced outwards because of the radial contraction of the
thermo-contractive insulating tube 25, with the result
that the low-melting-point metal element 23 is divided
into two parts which are separated clearly from each
other with the thermocontractive insulating tube 23
therebetween. In other words, when the low-melting-
point metal element 23 has been fused, the excess cur-
rent which has been flowing through the surge absorb-
ing element 21 is totally cut off by the presence of the
thermocontractive insulating tube 25, which acts as an
“insulator, without causing any arc discharge after the
separation of the low-melting-point metal element 23.
Accordingly, the heating of the surge absorbing ele-
ment 21 i1s stopped, thus preventing it from being 1g-
nited. |
Table 1 shows the results of an experiment in which
excess voltages of various levels were applied to a surge
absorber in accordance with this embodiment. In this
experiment, a varistor whose operation starting voltage
(varistor voltage) i1s 360 volts (I=1 mA) was used as the
surge absorbing element 21, and a solder line whose
melting point is 183° C. and whose diameter 1s 0.3 mm
was used as the low-melting-point metal element 23.

TABLE 1
Short-
Applhed circuiting
voltage current Result
AC 40 A Circuit opened after 0.030 to
600 Vrms 0.074 sec. No ignition
7TA Circuit opened after 0.54 to
0.85 sec. No igmition
22 A Circuit opened after 1.26 to
2.52 sec. No ignition
1.0 A Circuit opened after 2.72 to
4.40 sec. No ignition
0.5 A Circuit opened after 4.64 to
6.54 sec. No tgnition
025 A Circuit opened after 8.08 to

14.8 sec. No ignition

Thus, the surge absorber with a safeguard function of
this embodiment is effective 1n preventing connecting
lead 21c, and the other end of this metal element is
connected to the connecting lead 24, both connections
being effected by soldering or the like in which a laser
beam, etc. is used. The reference numeral 25 indicates a
thermocontractive insulating tube, which is adapted to
contract, when heated, to a diameter smaller than that
of the surge absorbing element 21, and which covers
over the periphery of the surge absorbing element 21
and that of the low-melting-point metal element 23 in
such a manner that the surface of the insulator 22,
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which cover over the surface of the surge absorbing
element 21, is in close contact with the low-melting-
point metal element 23. The reference numeral 30 indi-
cates an insulating-resin fixing section, which 1s made,
for example, of polyphenylene sulfide, so as to excel in
heat resistance, flame resistance, and arc resistance, and
which is attached to the connecting leads 21¢, 214 and
24 by insert-forming or the like so as to be in close
contact with these leads. The portions indicated by the
reference numerals 30a, 305 and 30c constitute a part of
this insulating-resin fixing section 30. These portions
partly cover the connecting leads 21c, 21d and 24,
thereby securely keeping the creeping distance between
these connecting leads constant. The reference numeral
31 indicates an insulating-resin enclosing section, which
is made, for example, of polyphenylene sulfide and
which excels in heat resistance, flame resistance, and arc
resistance. its surge absorbing element 21 from being
ignited by a continuous excess current.

Next, a second embodiment of this invention will be
described with reference to FIGS. 5§, 6 and 7. FIG. 5 1s
a front view of a surge absorber with a safeguard func-
tion in accordance with the second embodiment, FI1(G. 6
is a side view taken in the direction indicated by the
arrow D in FIG. §, and FIG. 7 1s a sectional view taken
along the line E-F in FIG. 6. This embodiment is differ-
ent from the first one in that an additional connecting
lead extends from the connection point between the
surge absorbing element 21 and the low-melting-point
metal element 23, thus forming a three-lead-terminal
structure. Referring to FIG. 7, the reference numeral 21
indicates a surge absorbing element, which consists, for
example, of a varistor, and which is equipped with elec-
trodes 21¢ and 215, which are formed on the flat end
surfaces of the cylindrical body. Connecting leads 21c¢
and 21d are connected to these electrodes 21a and 215,
respectively. The reference numeral 22 indicates an
insulator, which is made, for example, of an inorganic
non-metal material such as glass and which partly or
entirely cover over the surface of the surge absorbing
element 21. The reference numeral 23 indicates a low-
melting-point metal element, which consists, for exam-
ple, of a solder line of a tin/lead eutectic alloy. One end
of this low-melting-point metal element 23 is connected
to the This insulating-resin enclosing section 31 1is
closely attached to the insulating- resin fixing section 30
by ultrasonic welding or the like so as to prevent the
low-melting-point metal element 23 from being scat-
tered when it is fused and to provide moisture proof-
ness. The reference numeral 32 indicates an insulating
coating material, which cover over that portion of the
connecting lead 21¢ which 1s surrounded by the insulat-
ing-resin fixing section 30 and the insulating-resin en-
closing section 31, except for that portion thereof which
is connected to the low-melting-point metal element 23.

The operation of this surge absorber with a safeguard
function, constructed as described above, will now be
described. In the example shown in FIG. 8, this surge
absorber having a safeguard function 1s applied to a
communication line (such as a telephone line). The
reference numeral 28 indicates a signal source, which is
connected to the connecting leads 214 and 24 of this
surge absorber with a safeguard function, and the refer-
ence numeral 29 indicates a protected circuit, which is
connected to the connecting leads 21¢ and 21d4. Since
the operation starting voltage (the varistor voltage) of
the surface absorbing element 21 i1s normally set higher
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than the peak value of the signal source 28 (the sum of
the circuit voltage and the peak value of the lingering
signal), the section between the connecting lead 21d and
the connecting lead 24 or the connecting lead 21c¢ exhib-
its high resistance, so that the circuit is nearly open.
Accordingly, the operation of this embodiment is simi-
lar to that of the first embodiment. Thus, if, in this com-
munication line, a continuous excess voltage (which 1s

higher than the operation starting voltage of the surge
absorbing element) due to interference with a power

cable 1s apphied to this communication line, the low-
melting-point metal element 23 will be fused, as in the

first embodiment, and the section between the connect-
ing leads 21c and 24 and the section between the con-
necting leads 214 and 24 will become open, so that not
only the surge absorbing element 21 but also the pro-
tected circuit can be prevented from being spontane-
ously 1gnited

Next, a third embodiment of this invention will be
described with reference to FIG. 9, which shows the
construction of a surge absorber with a safeguard func-
tion in accordance with the third embodiment of this
invention. This embodiment 1s different from the first
and the second embodiments in that two separate ther-
mocontractive insulating tubes 34a and 34b are ar-
ranged with a predetermined space therebetween. The
reference numeral 21 indicates a surge absorbing ele-
ment, which consists, for example, of a varistor, and
which is equipped with electrodes 21a and 215, which
are formed on the flat end surfaces of the cylindrical
body thereof. Connecting leads 21c and 21d are con-
nected to these electrodes 21¢ and 215, respectively.
The reference numeral 22 indicates an insulator, which
is made, for example, of an inorganic non-metal material
such as glass and which partly or entirely covers over
the surface of the surge absorbing element 21. The ref-
erence numeral 23 indicates a lJow-melting-point metal
element, which consists, for example, of a solder line of
a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 1s connected to the connecting
lead 24 by, for example, a caulking member 33a, and the
other end of this metal element is connected to the
connecting lead 21c¢ by, for example, a caulking member
33b. The reference numerals 34¢ and 345 indicate ther-
mocontractive insulating tubes, which are adapted to
contract, when heated, to such an extent that their di-
ameter become smaller than that of the surge absorbing
element 21. These thermocontractive insulating tubes,
which are arranged with a predetermined space there-
between, cover over the surge absorbing element 21
and the low-melting-point metal element 23 in such a
manner that the surface of the insulator 22, which cov-
ers over the surface of the surge absorbing element 21,
1s held in close contact with the low-melting-point
metal element 23. Further, as in the first and the second
embodiments, the components of this embodiment are
in many cases enclosed by an insulating resin or the like
except for the tip portions of the connecting leads 21c,
214 and 24 so as to prevent the low-melting-point metal
element 23 from being scattered when it 1s fused and to
provide moisture proofness. Such an enclosing struc-
ture, however, is not shown in FIG. 9. The operation of
this surge absorber, constructed as described above, is
similar to that of the first and the second embodiments.
Since, however, the two thermocontractive insulating
tubes 34q and 34H are arranged with a predetermined
space therebetween, the low-melting-point metal ele-
ment 23 is cut at two positions when fused, which
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means the length of the insulating section 1s larger than
in the first and the second embodiments, thus making it
possible to cut off a continuous excess current more
reliably. In addition, the dispersion in the length of the
time by which the fusion takes place can be made
smaller.

A fourth embodiment of this invention will now be
described with reference to FIGS. 10 and 11. FIG. 10 is

a front view of a surge absorber with a safe guard func-
tion in accordance with the fourth embodiment of this

invention, and FIG. 11 is a side view of the same taken
in the direction indicated by the arrow G of FIG. 10.

This embodiment is different from the first, the second
and the third embodiments in that it employs a ther-
mocontractive insulating tube 35 which has an opening
354 in its peripheral wall. Referring to Figs. 10 and 11,
the reference numeral 21 indicates a surge absorbing
element, which consists, for example, of a varistor, and
which is equipped with electrodes 21¢ and 21b, which
are formed on the flat end surfaces of the cylindrical
body thereof. Connecting leads 21c and 214 are con-
nected to these electrodes 21a and 215, respectively.
The reference numeral 22 indicates an insulator, which
is made, for example, of an inorganic non-metal material
such as glass and which partly or entirely covers over
the surface of the surge absorbing element 21. The ref-
erence numeral 23 indicates a low-melting-point metal
element, which consists, for example, of a solder line of
a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 1s connected to the connecting
lead 24 by, for example, a caulking member 334, and the
other end of this metal element i1s connected to the
connecting lead 21c¢ by, for example, a caulking member
3356. The reference numeral 35 indicates a thermocon-
tractive insulating tube, which 1s adapted to contract,
when heated, to such a degree that its diameter becomes
smaller than that of the surge absorbing element 21.
This thermocontractive insulating tube has an opening
354 in that section of its peripheral surface which corre-
sponds to the position of the low-melting-point metal
element 23, so that when it covers over the periphery of
the surge absorbing element 21 and that of the low-melt-
ing-point metal element 23 in such a manner that the
surface of the insulator 22, which covers the surface of
the surge absorbing element 21, 1s in close contact with
the low-melting-point metal element 23, two tube por-
tions 356 and 35¢ of the thermocontractive insulating
tube 35, which result from the presence of the opening
35a, are in contact with the low-melting-point metal
element 23. Further, as in the first and the second em-
bodiments, the components of this embodiment are 1n
many cases enclosed by an insulating resin or the like
except for the tip portions of the connecting leads 21c,
21d and 24 so as to prevent the low-melting-point metal
element 23 from being scattered when it 1s fused and to
provide moisture proofness. Such an enclosing struc-
ture, however, is not shown in FIGS. 10 and 11. The
operation of this surge absorber, constructed as de-
scribed above, is similar to that of the first, the second
and the third embodiments. Since, however, the two

tube portions 356 and 35¢ of the thermocontractive

insulating tube 35 are in contact with the low-melting-
point metal element 23, the low-melting-point metal
element 23 is cut at two positions when fused, which
means that the length of the insulating section 1s larger
than in the first and the second embodiments, thus mak-
ing it possible to cut off a continuous excess current
more reliably. In addition, the dispersion in the length
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of the time by which the fusion takes place can be made
smaller. These advantages can also be provided by the
third embodiment. In the third embodiment, however,
the process steps of arranging the two thermocontrac-
tive insulating tubes 34¢ and 34b with a predetermined
space therebetween is rather difficult to perform,
whereas, in this embodiment, the predetermined space
is fixed because of the opening 352, which leads to an
improvement in the working efficiency, reduction in the
cost, etc.

Next, a fifth embodiment of this invention will be
described with reference to FIGS. 12 and 13. FIG. 12 s
a front view of a surge absorber with a safe guard func-
tion in accordance with the fifth embodiment of this
invention, and FIG. 13 1s a side view of the same taken
in the direction of the arrow H of FIG. 12. This embodi-
ment 1s different from the fourth embodiment in that it
employs a thermocontractive insulating tube 36 which
has two openings 36a and 36b. In FIGS. 12 and 13, the
reference numeral 21 indicates a surge absorbing ele-
ment, which consists, for example, of a varistor, and
which 1s equipped with electrodes 21a and 216, which
are formed on the flat end surfaces of the cylindrical
body thereof. Connecting leads 21c and 214 are con-
nected to these electrodes 21q and 215, respectively.
- The reference numeral 22 indicates an insulator, which
1s made, for example, of an inorganic non-metal material
such as glass and which partly or entirely covers over
the surface of the surge absorbing element 21. The ref-
erence numeral 23 indicates a low-melting-point metal

element, which consists, for example, of a solder line of

a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 is connected to the 33a, and the
other end of this metal element is connected to the
connecting lead 21c¢ by, for example, a caulking member
335. The reference numeral 36 indicates a thermocon-
tractive insulating tube, which is adapted to contract,
when heated, to such a degree that its diameter becomes
smaller than that of the surge absorbing element 21.
This thermocontractive insulating tube has two open-
ings 36a and 365 in its peripheral surface, so that when
it covers over the surface of the insulator 22, which
covers over the surge absorbing element 21, and the
-periphery of the low-melting-point metal element 23,
three tube portions 36¢, 36d and 36¢ of the thermocon-
tractive insulating tube 36, which result from the pres-
ence of the two opening 364 and 36b, are in contact with
the low-melting-point metal element 23. Further, as in
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the first and second embodiments, the components of 5q

this embodiment are in many cases enclosed by an insu-
lating resin or the like except for the tip portions of the
connecting leads 21¢, 21d and 24 so as to prevent the
low-melting-point metal element 23 from being scat-
tered when it is fused and to provide moisture proof-
ness. Such an enclosing structure, however, i1s not
shown in FIGS. 12 and 13. The operation of this surge
absorber, constructed as described above, 1s similar to
that of the fourth embodiment. Unlike the fourth em-
bodiment, however, this embodiment employs a ther-
mocontractive insulating tube 36 which has two open-
ings 36a and 365, so that the low-melting-point metal
element 23 is cut at three positions when fused, which
means that the length of the insulating section 1s larger,
thus making it possible to cut off a continuous excess
current more reliably. In addition, the dispersion 1n the
length of the time by which the fusion takes place can
be made smaller.
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A sixth embodiment of this invention will now be
described with reference to FIGS. 14 and 15. FIG. 14 1s
a front view of a surge absorber with a safe guard func-
tion in accordance with the sixth embodiment of this
invention, and FIG. 15 is a side view of the same taken
in the direction of the arrow I of FIG. 14. This embodi-
ment is different from the first and the second embodi-
ments in that it employs a plate varistor instead of a
cylindrical varistor. In FIGS. 14 and 185, the reference
numeral 37 indicates a surge absorbing element, which
consists, for example, of a varistor, and which is
equipped with electrodes 37¢ and 37b, which are
formed respectively on the flat surface sections of the
planar body thereof, which has at least a pair of parallel
opposite sides. Connecting leads 37¢ and 37d are con-
nected to these electrodes 37a and 37b, respectively.
The edges of the planar body are chamfered. The refer-
ence numeral 22 indicates an insulator, which is made,
for example, of an inorganic non-metal material such as
glass and which partly or entirely covers over the sur-
face of the surge absorbing element 37. The reference
numeral 23 indicates a low-melting-point metal element,
which consists, for example, of a solder line of a tin/lead
eutectic alloy. One end of this low-melting-point metal
element 23 1s connected to the connecting lead 24 by,
for example, a caulking member 334, and the other and
of this metal element 1s connected to the connecting
lead 37¢ by, for example, a caulking member 33b. The
reference numeral 25 indicates a thermocontractive
insulating tube, which 1s adapted to contract, when
heated, to such a degree that its inner periphery be-
comes smaller than the outer periphery of the surge
absorbing element 37 which lies crossing at least a pair
of parallel opposite sides of the surge absorbing element
37. This thermocontractive insulating tube 25 covers
over the periphery of the surge absorbing element 37
and that of the low-melting-point metal element 23.
Further, as in the first and the second embodiments, the
components of this embodiment are in many cases en-
closed by an insulating resin or the like except for the tip
portions of the connecting leads 37¢, 37d and 24 so as to
prevent the low-melting-point metal element 23 from
being scattered when it is fused and to provide moisture
proofness. Such an enclosing structure, however, is not
shown in FIGS. 14 and 15. The operation of this surge
absorber, constructed as described above, 1s sitmilar to
that of the first and the second embodiments. This em-
bodiment, however, makes it possible to make the surge
absorber smaller since it enables the surge resistance
value to be larger. This 1s due to the fact that, in the
cylindrical varistor used in the first and the second
embodiments, the distance between the electrodes must
be larger than that in the plate varistor of this embodi-
ment 1n order that the low-melting-point metal element
23 may have a predetermined length, which means that
the cylindrical varistor must be made of a material of
the type in which the varistor voltage per unit length is
relatively small. When compared with a material with a
relatively large varistor voltage per unit length, such a
material provides a rather small surge resistance value.

Next, a seventh embodiment of this invention will be
described with reference to FIG. 16. FIG. 16 is a front
view of a surge absorber with a safe guard function in
accordance with the seventh embodiment of this inven-
tion. This embodiment 1s different from the sixth em-
bodiment in that it employs two thermocontractive
insulating tubes 34aq and 345, which are arranged with a
predetermined space therebetween. In FI1G. 16, the
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reference numeral 37 indicates a surge absorbing ele-
ment, which consists, for example, of a varistor, and
which 1s equipped with electrodes 37a and 3754, which
are formed respectively on the flat surface sections of
the planar body thereof, which has at least a pair of
parallel opposite sides. Connecting leads 37¢ and 37d
are connected to these electrodes 372 and 375, respec-
tively. The edges of the plane body are chamfered. The
reference numeral 22 indicates an insulator, which is
made, for example, of an inorganic non-metal material
such as glass and which partly or entirely covers the
surface of the surge absorbing element 37. The refer-
ence numeral 23 indicates a low-melting-point metal
element, which consists, for example, of a solder line of
a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 is connected to the connecting
lead 24 by, for example, a caulking member 33a, and the
other end of this metal element is connected to the
connecting lead 37¢ by, for example, a caulking member
33b. The reference numerals 34q and 34) indicate ther-
mocontractive insulating tubes, which are adapted to
contract, when heated, to such a degree that their inner
peripheries become smaller than the outer periphery of
the surge absorbing element 37 which lies crossing at
least a pair of paraliel opposite sides of the surge absorb-
ing element 37. These thermocontractive insulating
tubes 34g and 34b, arranged with a predetermined space
therebetween, cover over the peripheral surface of the
insulator 22, which covers over the surface of the surge
absorbing element 37, and the peripheral surface of the
low-melting-point metal element 23. Further, as in the
first and the second embodiments, the components of
this embodiment are in many cases enclosed by an insu-
lating resin or the like except for the tip portions of the
connecting leads 37¢, 37d and 24 so as to prevent the
low-melting-point metal element 23 from being scat-
tered when 1t 1s fused and to provide moisture proof-
ness. Such an enclosing structure, however, is not
shown in FIG. 16. The operation of this surge absorber,
constructed as described above, is similar to that of the
sixth embodiment. Unlike the sixth embodiment, how-
ever, this embodiment employs two thermocontractive
- insulating tubes 34a and 34bH, the low-melting-point
metal element 23 is cut at two positions when fused,
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which means that the length of the insulating section is 45

longer, thereby making 1t possible to cut off a continu-
ous excess current more reliably. Furthermore, the
dispersion in the length of the time by which the fusion
takes place can be made smaller.

Next, an eighth embodiment of this invention will be
described with reference to FIGS. 17 and 18. FIG. 17 is
a front view of a surge absorber with a safe guard func-
tion 1n accordance with the eighth embodiment of this
invention, and FIG. 18 1s a side view of the same taken
in the direction indicated by the arrow J of FIG. 17.
This embodiment is different from the sixth and the
seventh embodiments in that it employs a thermocon-
tractive insulating tube 35 which has an opening 352 in
its peripheral surface. In FIGS. 17 and 18, the reference
numeral 37 indicates a surge absorbing element, which
consists, for example, of a varistor that is equipped with
electrodes 37a and 375, which are formed respectively
on the flat surface sections of the plane body thereof,
which has at least a pair of parallel opposite sides. Con-
necting leads 37¢ and 374 are connected to these elec-
trodes 37a and 375, respectively. The edges of the pla-
nar body are chamfered. The reference numeral 22
indicates an insulator, which 1s made, for example, of an
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inorganic non-metal material such as glass and which
partly or entirely covers over the surface of the surge
absorbing element 37. The reference numeral 23 indi-
cates a low-melting-point metal element, which con-
sists, for example, of a solder line of a tin/lead eutectic
alloy. One end of this low-melting-point metal element
23 is connected to the connecting lead 24 by, for exam-
ple, a caulking member 33q, and the other end of this
metal element is connected to the connecting lead
37cby, for example, a caulking member 335. The refer-
ence numeral 35 indicates a thermocontractive insulat-
ing tube, which is adapted to contract, when heated, to
such an extent that its inner periphery becomes smaller
than that outer periphery of the surge absorbing ele-
ment 37 which lies crossing at least a pair of parallel
opposite sides of the surge absorbing element 37. This
thermocontractive insulating tube 35 has an opening

35a, so that, when it covers over that portion of the

insulator 22 which covers over the surface of the sec-
tion of one of those opposite sides having no electrodes,
two tube portions 356 and 35¢ which result from the
presence of the opening 35¢ are in contact with the
low-melting-point metal element 23.

Further, as in the first and the second embodiments,
the components of this embodiment are in many cases
enclosed by an insulating resin or the like except for the
tip portions of the connecting leads 37¢, 37d and 24 so as
to prevent the low-melting-point metal element 23 from
being scattered when it is fused and to provide moisture
proofness. Such an enclosing structure, however, 1s not
shown in FIGS. 17 and 18. The operation of this surge
absorber, constructed as described above, i1s similar to
that of the sixth and the seventh embodiments. Unlike
the sixth embodiment, however, this embodiment em-
ploys a structure in which the low-melting-point metal
element 23 is in contact with the two tube portions 350
and 35¢ of the thermo-contractive insulating tube 35, so
that the lJow-melting-point metal element 23 fuses at two
positions, which means, that the length of the insulating
section 1s longer, thereby making it possible to cut off a
continuous excess current more reliably. Further, the
dispersion in the length of the time by which the fusion
takes place can be made smaller. These effects are also
obtained in the seventh embodiment. In the seventh
embodiment, however, the process steps of arranging
the thermocontractive insulating tube 35 with a prede-
termined space therebetween 1is rather difficult,
whereas, in this embodiment, the predetermined space
between the two portions 355 and 35¢ is fixed because of
the opening 35a, which leads to an improvement in the
working efficiency, reduction in the cost, etc.

Next, a ninth embodiment of this invention will be
described with reference to FIGS. 19 and 20. FIG. 19 1s
a front view of a surge absorber with a safe guard func-
tion in accordance with the ninth embodiment of this
invention, and FIG. 20 is a side view of the same taken
in the direction indicated by the arrow K of FIG. 19.
This embodiment is different from the eighth embodi-
ment in that it employs a thermocontractive insulating
tube 36 which has two openings 364 and 365. In FIGS.
19 and 20, the reference numeral 37 indicates a surge
absorbing element, which consists, for example, of a
varistor that 1s equipped with electrodes 374 and 375,
which are formed respectively on the flat surface sec-
tions of the planar body thereof, which has at least a
pair of parallel opposite sides. Connecting leads 37cand
37d are connected to these electrodes 372 and 375, re-
spectively. The edges of the plane body are chamfered.
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The reference numeral 22 indicates an insulator, which

1s made, for example, of an inorganic non-metal material
such as glass and which partly or entirely covers over
the surface of the surge absorbing element 37. The ref-
erence numeral 23 indicates a low-melting-point metal 5
element, which consists, for example, of a solder line of

a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 is connected to the connecting
lead 24 by, for example, a caulking member 334, and the
other end of this metal element is connected to the 10
connecting lead 37cby, for example, a caulking member
33b. The reference numeral 36 indicates a thermocon-
tractive insulating tube, which is adapted to contract,
when heated, to such an extent that its inner periphery
becomes smaller than that outer periphery of the surge 15
absorbing element 37 which lies crossing at least a pair

of parallel opposite sides. This thermocontractive insu-
lating tube 36 has two openings 36a and 365 so that,
when 1t covers over that portion of the insulator 22
which covers over the surface of the section of one of 20
those opposite sides having no electrodes, three por-
tions 36c, 364 and 36¢ thereof, which result from the
presence of the two openings 36a and 365, are in contact
with the low-melting-point metal element 23. Further,

as in the first and the second embodiments, the compo- 25
nents of this embodiment are in many cases enclosed by

an insulating resin or the like except for the tip portions

of the connecting leads 37¢, 37d and 24 so as to prevent
the low-melting-point metal element 23 from being
scattered when 1t i1s fused and to provide moisture 30
proofness. Such an enclosing structure, however, is not
shown in FIGS. 19 and 20. The operation of this surge
absorber, constructed as described above, 1s similar to
that of the eighth embodiment. Unlike the eighth em-
bodiment, however, this embodiment employs a ther- 35
mocontractive insulating tube 36 which has two open-
ings 36a and 365, so that the low-melting- point metal
element 23 1s cut at three positions when fused, which
means that the length of the insulating section is longer,
thereby making it possible to cut off a continuous excess 40
~current more reliably. Further, the dispersion in the
length of the time by which the fusion occurs can be
made smaller.

Next, a tenth embodiment of this invention will be
described with reference to FIGS. 21 and 22. FIG. 21 is 45
a front view of a surge absorber with a safe guard func-
tion in accordance with the tenth embodiment of this
invention, and FIG. 22 is a perspective view of the
same. This embodiment is different from the first, the
second and the sixth embodiments in that it employs a 50
concentric-cylinder-like varistor instead of a cylindrical
or plate-like varistor as the surge absorbing element. In
FIGS. 21 and 22, the reference numeral 38 indicates a
surge absorbing element, which consists, for example,
of a varistor that 1s equipped with electrodes 38z and 55
385, which are formed respectively on the outer and
inner side surfaces of the concentric-cylinder-like body
thereof. Connecting leads 38c and 384 are connected to
these electrodes 38z and 38b, respectively. The refer-
ence numeral 22 indicates an insulator, which is made, 60
for example, of an inorganic non-metal material such as
glass and which partly or entirely covers over the sur-
face of the surge absorbing element 38. The reference
numeral 23 indicates a low-melting-point metal element,
which consists, for example, of a solder line of a tin/lead 65
eutectic alloy. One end of this low-melting-point metal
element 23 is connected to the connecting lead 24 by,
for example, a caulking member 33a, and the other end
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of this metal element is connected to the connecting
lead 38c by, for example, a caulking member 335. The
reference numeral 25 indicates a thermocontractive
insulating tube, which is adapted to contract, when
heated, to such an extent that its diameter becomes
smaller than the outer diameter of the surge absorbing
element 38, and which covers over the surface of the
insulator 22 that covers over the surface of the surge
absorbing element 38, and the peripheral surface of the
low-melting-point metal element 23. Further, as in the
first and the second embodiments, the components of
this embodiment are in many cases enclosed by an insu-
lating resin or the like except for the tip portions of the
connecting leads 38¢, 384 and 24 so as to prevent the
low-melting-point metal element 23 from being scat-
tered when it is fused and to provide moisture proof-
ness. Such an enclosing structure, however, i1s not
shown 1n FIGS. 21 and 22. The operation of this surge
absorber, constructed as described above, is similar to
that of the first, the second and the sixth embodiments.
This embodiment, however, can employ a material of
the type in which the varistor voltage per unit length is
larger than that of the material used in the first and the
second embodiments, so that this embodiment makes it
possible to increase the surge resistance to a relatively
large value, thus enabling the surge absorber to be made
smaller. This advantage can also be obtained in the sixth
embodiment. Since, however, the varistor body around
which the thermocontractive insulating tube 25 is
wound has a curved surface, the contraction of the
thermocontractive insulating tube 2§ can take place
more smoothly, thereby making it possible to reduce the
dispersion in the length of the time by which the fusion
of the lJow-melting-point metal element 23 takes place.

Next, an eleventh embodiment of this invention will
be described with reference to FIG. 23. FIG. 23 is a
front view of a surge absorber with a safe guard func-
tion in accordance with the eleventh embodiment of
this invention. This embodiment is different from the
tenth embodiment in that it employs two thermo-con-
tractive insulating tubes 34g and 34bH, which are ar-
ranged with a predetermined space therebetween. I
FIG. 23, the reference numeral 38 indicates a surge
absorbing element, which consists, for example, of a
varistor that is equipped with electrodes 38a and 38b,
which are formed respectively on the outer and inner
side surfaces of the concentric-cylinder-like body
thereof. Connecting leads 38¢ and 384 are connected to
these electrodes 38c and 380, respectively. The refer-
ence numeral 22 indicates an insulator, which is made,
for example, of an inorganic non-metal material such as
glass and which partly or entirely covers over the sur-
face of the surge absorbing element 38. The reference
numeral 23 indicates a low-melting-point metal element,
which consists, for example, of a solder line of a tin/lead
eutectic alloy. One end of this low-melting-point metal
element 23 1s connected to the connecting lead 24 by,
for example, a caulking member 334, and the other end
of this metal element is connected to the connecting
lead 38¢ by, for example, a caulking member 335. The
reference numerals 34aq and 34 indicate thermocontrac-
tive insulating tubes, which are adapted to contract,
when heated, to such an extent that their diameters
become smaller than the outer diameter of the surge
absorbing element 38, and which cover over the surface
of the insulator 22. These thermocontractive insulating
tubes 34a and 34), arranged with a predetermined space
therebetween, cover over the surface of the insulator
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22, which covers over the surface of the surge absorb-
ing element 38, and the periphery of the low-melting-
point metal element 23. Further, as in the first and the
second embodiments, the components of this embodi-
ment are in many cases enclosed by an insulating resin
or the like except for the tip portions of the connecting
leads 38¢, 384 and 24 so as to prevent the low-melting-
point metal element 23 from being scattered when it is
fused and to provide moisture proofness. Such an en-
closing structure, however, 1s not shown in FIG. 23.
The operation of this surge absorber, constructed as
described above, is similar to that of the tenth embodi-
ment. Unlike the tenth embodiment, however, this em-
bodiment employs two thermocontractive insulating
tubes 34ag and 345, so that the low-melting-point metal
element 23 is cut at two positions when fused, which
means that the length of the insulating section is larger,
thus making 1t possible to cut off a continuous excess
current more reliably. Further, the dispersion in the
length of the time by which the fusion occurs can be
made smaller.

Next, a twelfth embodiment of this invention will be
described with reference to FIGS. 24 and 25. FI1G. 24 1s
a front view of a surge absorber with a safe guard func-
tion 1s accordance with the twelfth embodiment of this
mnvention, and FIG. 25 1s a perspective view of the
same. This embodiment i1s different from the tenth and
the eleventh embodiments in that it employs a ther-
mocontractive insulating tube 35 which has an opening
35a. In FIGS. 24 and 25, the reference numeral 38 indi-
cates a surge absorbing element, which consists, for
example, of a varistor that is equipped with electrodes
38a and 385, which are formed respectively on the outer

and the inner side surfaces of the concentric-cylinder- .

like body thereof. Connecting leads 38¢ and 384 are
connected to these electrodes 382 and 385, respectively.
‘The reference numeral 22 indicates an insulator, which
1s made, for example, of an inorganic non-metal material
such as glass and which partly or entirely covers over
the surface of the surge absorbing element 38. The ref-
erence numeral 23 indicates a low-melting-point metal
element, which consists, for example, of a solder line of
a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 1s connected to the connecting
lead 24 by, for example, a caulking member 334, and the
other end of this metal element is connected to the
connecting lead 38¢ by, for example, a caulking member
335. The reference numeral 35 indicates a thermocon-
tractive insulating tube, which is adapted to contract,
when heated, to such an extent that its diameter be-
comes smaller than the outer diameter of the surge
absorbing element 38, and which covers over the sur-
face of the insulator 22 that covers over the surface of
the surge absorbing element 38, and the periphery of the
low-melting-point metal element 23, two tube portions
356 and 35¢ of the thermocontractive insulating tube 385,
which result from the presence of the opening 35a,
being In contact with the low-melting-point metal ele-
- ment 23. Further, as in the first and second embodi-
ments, the components of this embodiment are in many
cases enclosed by an insulating resin or the like except
for the tip portions of the connecting leads 38¢, 384 and
24 so as to prevent the low-melting-point metal element
23 from being scattered when it is fused and to provide
moisture proofness. Such an enclosing structure, how-
ever, is not shown in FIGS. 24 and 25. The operation of
this surge absorber, constructed as described above, is
stmilar to that of the tenth and the eleventh embodi-
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ments. Unlike the tenth embodiment, however, this
embodiment employs a structure in which the low-melt-
ing-point metal element 23 is in contact with the two
tube portions 356 and 35¢ of the thermocontractive
insulating tube 35, so that the low-melting-point metal
element 23 is cut at two positions when fused, which
means that the length of the insulating section is longer,
thereby making it possible to cut off a continuous excess
current more reliably. Further, the dispersion in the
iength of the time by which the fusion to occurs can be
made smaller. These advantages can also be obtained in
the eleventh embodiment. In the eleventh embodiment,
however, the process steps of arranging the thermocon-
tractive insulating tubes with a predetermined space
therebetween 1is rather difficult, whereas, in this em-
bodiment, the space between the two portions of the
thermocontractive insulating tube 1s fixed because of
the opening 35a, which leads to an improvement.in the
working efficiency, reduction in the cost, etc.

Next, a thirteenth embodiment of this invention will
be described with reference to FIGS. 26 and 27. FIG.
26 is a front view of a surge absorber with a safe guard
function in accordance with the thirteenth embodiment
of this invention, and FIG. 27 1s a perspective view of
the same. This embodiment is different from the twelfth
embodiment in that it employs a thermocontractive
insulating tube 36 which has two openings 364 and 365.
In FIGS. 26 and 27, the reference numeral 38 indicates
a surge absorbing element, which consists, for example,
of a varistor that is equipped with electrodes 38a and
385, which are formed respectively on the outer and
inner side surfaces of the concentric-cylinder-like body
thereof. Connecting leads 38¢ and 384 are connected to
these electrodes 38a and 38)b, respectively. The refer-
ence numeral 22 indicates an insulator, which 1s made,
for example, of an inorganic non-metal material such as
glass and which partly or entirely covers over the sur-
face of the surge absorbing element 38. The reference
numeral 23 indicates a low-melting-point metal element,
which consists, for example, of a solder line of a tin/lead
eutectic alloy. One end of this low-melting-point metal
element 23 is connected to the connecting lead 24 by,
for example, a caulking member 334, and the other end
of this metal element is connected to the connecting
lead 38cby, for example, a caulking member 335. The
reference numeral 36 indicates a thermocontractive
insulating tube, which is adapted to contract, when
heated, to such an extent that its diameter becomes
smaller than the outer diameter of the surge absorbing
element 38. This thermocontractive insulating tube 36
has two openings 36a and 3656 so that, when it covers
over the insulator 22 that covers over the surface of the
surge absorbing element 38, and the periphery of the
low-melting-point metal element 23, the three portions
36¢, 364 and 36¢ thereof, resulting from the presence of
the two openings 36a and 36b, are in contact with the
low-melting-point metal element 23. Further, as in the
first and the second embodiments, the components of
this embodiment are in many cases enclosed by an insu-
lating resin or the hike except for the tip portions of the
connecting leads 38¢, 384 and 24 so as to prevent the
low-melting-point metal element 23 from being scat-
tered when 1t 1s fused and to provide moisture proof-
ness. Such an enclosing structure, however, is not
shown in FIGS. 26 and 27. The operation of this surge
absorber, constructed as described above, 1s similar to
that of the twelfth embodiment. Unlike the twelfth
embodiment, however, this embodiment employs a
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thermocontractive insulating tube 36 which has two
openings 36 and 36b, so that the low-melting-point
metal element 23 is cut at three positions when fused,
which means the length of the insulating section is
longer, thereby making it possible to cut off a continu- 5
ous excess current more reliably. Further, the disper-
sion in the length of the time by which the fusion occurs
can be made smaller.

Next, a fourteenth embodiment of this invention will
be described with reference to FIGS. 28 and 29. FIG. 10
28 1s a front view of a surge absorber with a safe guard
function in accordance with the fourteenth embodiment
of this invention, and FIG. 29 is a side view of the same
taken in the direction indicated by the arrow L of FIG.
28. This embodiment is different from the first, the sec- 15
ond and the sixth embodiments in that it employs a
discharging gap instead of a varistor as the surge ab-
sorbing element. In FIGS. 28 and 29, the reference
numeral 39 indicates a surge absorbing element, which
consists, for example, of a discharging gap that is 20
equipped with connecting leads 39a and 395. The refer-
ence numeral 23 indicates a low-melting-point metal
element, which consists, for example, of a solder line of
a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 is connected to the connecting 25
lead 396 by, for example, a caulking member 33¢g, and
the other end of this metal element is connected to the
connecting lead 24 by, for example, a caulking member
33b. The reference numeral 25 indicates a thermocon-
tractive insulating tube, which is adapted to contract, 30
when heated, to such an extent that its diameter be-
comes smaller than that of the surge absorbing element
39. This thermocontractive insulating tube 25 covers
over the periphery of the surge absorbing element 39
and that of the low-melting-point metal element 23 in 35
such a manner that the surface of the surge absorbing
element 39 is in contact with the low-melting-point
metal element 23. Further, as in the first and the second
embodiments, the components of this embodiment are
In many cases enclosed by an insulating resin or the like 40
except for the tip portions of the connecting leads 39c,
394 and 24 so as to prevent the low-melting-point metal
element 23 from being scattered when it is fused and to
provide moisture proofness. Such an enclosing struc-
ture, however, 1s not shown in FIGS. 28 and 29. The 45
operation of this surge absorber, constructed as de-
scribed above, is similar to that of the first, the second,
the sixth and the tenth embodiments. Unlike these em-
bodiments, however, this embodiment employs a dis-
charging gap instead of a varistor as the surge absorbing 50
element, so that, although the speed of response it pro-
vides is relatively low, it can keep the residual voltage
at a relatively low level.

Next, a fifteenth embodiment of this invention will be
described with reference to FIGS. 30 and 31. FIG. 30 1s 55
a front view of a surge absorber with a safe guard func-
tton in accordance with the fifteenth embodiment of this
invention, and FI@G. 31 is a side view of the same taken
in the direction indicated by the arrow M of FIG. 30.
This embodiment is different from the fourteenth em- 60
bodiment in that it employs two thermocontractive
insulating tubes 34a and 345, which are arranged with a
predetermined space therebetween. In FIGS. 30 and 31,
the reference numeral 39 indicates a surge absorbing
element, which consists, for example, of a discharging 65
gap that is equipped with connecting leads 39z and 395.
The reference numeral 23 indicates a low-melting-point
metal element, which consists, for example, of a solder
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line of a tin/lead eutectic alloy. One end of this low-
melting-point metal element 23 is connected to the con-
necting lead 396 by, for example, a caulking member
33a, and the other end of this metal element is con-
nected to the connecting lead 24 by, for example, a
caulking member 33b. The reference numerals 34a and
34 indicate thermocontractive insulating tubes, which
are adapted to contract, when heated, to such an extent
that their diameters become smaller than the outer di-
ameter of the surge absorbing element 39. These ther-
mocontractive insulating tube, arranged with a prede-
termined space therebetween, cover over the periphery
of the surge absorbing element 39 and that of the low-
melting-point metal element 23 in such a manner that
the surface of the surge absorbing element 39 is in
contact with the low-melting-point metal element 23.
Further, as in the first and the second embodiments, the
components of this embodiment are in many cases en-
closed by an insulating resin or the like except for the tip
portions of the connecting leads 39¢, 394 and 24 so as to
prevent the low-melting-point metal element 23 from
being scattered when it is fused and to provide moisture
proofness. Such an enclosing structure, however, is not
shown in FIGS. 30 and 31. The operation of this surge

‘absorber, constructed as described above, is similar to

that of the fourteenth embodiment. Unlike the four-
teenth embodiment, however, this embodiment em-
ploys two thermocontractive insulating tubes 34a and
345, so that the low-melting-point metal element 23 is
cut at two positions when fused, which means that the
length of the insulating section is larger, thus making it
possible to cut off a continuous excess current more
reliably. Further, the dispersion in the length of the time
by which the fusion occurs can be made smaller.
Next, a sixteenth embodiment of this invention will be
described with reference to FIGS. 32 and 33. FIG. 32 1is
a front view of a surge absorber with a safe guard func-
tion in accordance with the sixteenth embodiment of
this invention, and FIG. 33 is a side view of the same
taken in the direction indicated by the arrow N of FIG.
32. This embodiment is different from the tenth and the
eleventh embodiments in that it employs a thermocon-
tractive insulating tube 35 which has an opening 35a. In
FIGS. 32 and 33, the reference numeral 39 indicates a
surge absorbing element, which consists, for example,
of a discharging gap that is equipped with connecting
leads 39z and 395. The reference numeral 23 indicates a
low-melting-point metal element, which consists, for
example, of a solder line of a tin/lead eutectic alloy.
One end of this low-melting-point metal element 23 is
connected to the connecting lead 395 by, for example, a
caulking member 334, and the other end of this metal
element 1s connected to the connecting lead 24 by, for
example, a caulking member 335. The reference nu-
meral 35 indicates a thermocontractive insulating tube,

- which is adapted to contract, when heated, to such an

extent that its diameter becomes smaller than the outer
diameter of the surge absorbing element 39, and which
has an opening 35a. This thermocontractive insulating
tube 35 covers over the surface of the surge absorbing
element 39 and the periphery of the low-melting-point
metal element 23, two tube portions 356 and 36¢, which
result from the presence of the opening 35z, being in
contact with the low-melting-point metal element 23.
Further, as in the first and the second embodiments, the
components of this embodiment are in many cases en-
closed by an insulating resin or the like except for the tip
portions of the connecting leads 39¢, 394 and 24 so as to
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prevent the low-melting-point metal element 23 from
being scattered when it is fused and to provide moisture
proofness. Such an enclosing structure, however, is not
- shown m FIGS. 32 and 33. The operation of this surge
absorber, constructed as described above, is similar to
that of the fourteenth and the fifteenth embodiments.
Unlike the fourteenth embodiment, however, this em-
bodiment employs a structure in which the low-melt-
ing-point metal element 23 is in contact with the two
tube portions 356 and 35¢ of the thermocontractive
insulating tube 3§, so that the low-melting-point metal
element 23 1s cut at two positions when fused, which
means that the length of the insulating section is longer,
thereby making it possible to cut off a continuous excess
current more reliably. Further, the dispersion in the
length of the time by which the fusion occurs can be
made smaller. These advantages can aiso be obtained in
the fifteenth embodiment. In the fifteenth embodiment,
however, the process steps of arranging the thermocon-
tractive insulating tubes with a predetermined space
therebetween is rather difficult, whereas, in this em-
bodiment, the space between the two portions of the

thermocontractive insulating tube 1s fixed because of

the opening 35a, which leads to an improvement in the
working efficiency, reduction in the cost, etc.

Next, a seventeenth embodiment of this invention
will be described with reference to FIGS. 34 and 35.
FIG. 34 i1s a front view of a surge absorber with a safe
guard function in accordance with the seventeenth
embodiment of this invention, and FIG. 35 is a side
view of the same taken in the direction indicated by the
arrow 0 1n FIG. 34. This embodiment 1s different from
the sixteenth embodiment in that it employs a ther-
mocontractive msulating tube 36 which has two open-
ings 36a and 366. In FIGS. 34 and 35, the reference
numeral 39 indicates a surge absorbing element, which
consists, for example, of a discharging gap that is
equipped with connecting leads 39a and 394. The refer-
ence numeral 23 indicates a low-melting-point metal
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element, which consists, for example, of a solder line of 40

a tin/lead eutectic alloy. One end of this low-melting-
point metal element 23 is connected to the connecting
lead 395 by, for example, a caulking member 354, and
the other end of this metal element is connected to the
connecting lead 24 by, for example, a caulking member
35b. The reference numeral 36 indicates a thermocon-
tractive insulating tube, which is adapted to contract,
when heated, to such an extent that its diameter be-
comes smaller than the outer diameter of the surge
absorbing element 39. This thermocontractive insulat-
ing tube 36 has two openings 364 and 365, so that, when
it covers over the surface of the surge absorbing ele-
ment 39 and the periphery of the low-melting-point
metal element 23, three tube portions 36¢, 364 and 36e,
which result from the presence of the two openings 364
and 365, being in contact with the low-melting-point
metal element 23. Further, as in the first and the second
embodiments, the components of this embodiment are
in many cases enclosed by an insulating resin or the like
except for the tip portions of the connecting leads 39c,
394 and 24 so as to prevent the low-melting-point metal
element 23 from being scattered when it is fused and to
provide moisture proofness. Such an enclosing struc-
ture, however, is not shown in FIGS. 34 and 35. The
operation of this surge absorber, constructed as de-
scribed above, is similar to that of the sixteenth embodi-
ment. Unlike the sixteenth embodiment, however, this
embodiment employs a thermocontractive insulating
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tube 36 which has two openings 36a and 360, so that the
low-melting-point metal element 23 is cut at three posi-
tions when fused, which means the length of the insulat-
ing section is longer, thereby making it possible to cut
off a continuous excess current more reliably. Further,
the dispersion in the length of the time by which the
fusion occurs can be made smaller.

Although the above-described embodiments of this
invention employ a cylindrical, plate-like, or concen-
tric-cylinder-like varistor as the surge absorbing ele-
ment, this should not be construed as restrictive. It is
also possible to arrange varnistors or discharging gaps, or
a combination thereof, in series or in parallel. Further,
while, in the above-described embodiments, glass which
is an inorganic material, 1s employed as the insulator
covering the surface of the surge absorbing element, the
insulator is not limited to this. While, in the above em-
bodiments, silicon is adopted as the material of the ther-
mocontractive insulating tube, other types of material
may also be adopted. Further, while the third, the sev-
enth, the eleventh, and the fifteenth embodiments of this
invention employ two thermocontractive insulating
tubes 34q and 345, the number of tubes is not limited to
two. While the fifth, the ninth, the thirteenth, and the
seventeenth embodiments of this invention adopt a ther-
mocontractive insulating tube 36 having two openings
36a and 365b, the number of such openings is not limited
to two, either. Further, while in the above-described
embodiments a surge absorbing element constitutes the
electronic part which is short-circuited and heated
when it malfunctions, the electronic part may also con-
sist of a resistor, a capacitor, etc.

INDUSTRIAL APPLICABILITY

As described above, this invention provides an elec-
tronic part having a safeguard function, comprising: an
electronic part; a low-melting-point metal element
which 1s electrically connected in series with this elec-
tronic part and which is held in contact with this elec-
tronic part in such a manner as to allow a satisfactory
heat conduction therebetween; and a thermocontrac-
tive insulating tube covering over the periphery of the
electronic part and that the low-melting-point metal
element. Thus, if, in an abnormal condition, the above-
mentioned electronic part is short-circuited and heated,
the above-mentioned low-melting-point metal element
1s fused, and then the thermo-contractive insulating tube
contracts, thereby causing the low-melting-point metal
element to be cut. In this process, the above-mentioned
thermocontractive metal element, which acts as an insu-
lator, breaks into the low-melting-point metal element,
so that the excess current can be totally cut off, thereby
making it possible to prevent the above-mentioned elec-
tronic part from being ignited.

In the case where a surge absorbing element 1s used as
the electronic part, in particular, the circuit voltage
would become abnormally high due to interference
with a power cable, or the operation starting voltage
would be lowered as a result of a deterioration in the
surge absorbing element due to repeated surge absorp-
tion. If, as a result of such conditions, a continuous
excessive voltage which 1s in excess of the operation
starting voltage of the surge absorbing element is ap-
plied to the surge absorbing element, the above-men-
tioned low-melting-point metal element is fused, and
then, the above-mentioned thermocontractive insulat-
ing tube contracts sO as to cut the low-melting-point
metal element. When the thermocontractive insulating
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element, which acts as an insulator, thus breaks into the
low-melting-point metal element, the excess current is
totally cut off, and the surge absorbing element and the
protected circuit are insulated from the circuit, thereby
making it possible to prevent them from being ignited.
What is claimed is:

- 1. An electronic part having a safe guard function,
comprising: an electronic part; a low-melting-point
metal element which is electrically connected in series
with said electronic part and which is held in contact
with said electronic part in such a manner as to allow
satisfactory heat conduction therebetween; and at least
a thermoconductive insulation tube means with which
said low-melting-point metal element is firmly held in
contact with the periphery of said electronic part,
whereby said low-melting-point metal element is fused
by heat, which is generated by surge voltage and which
1s transmitted from said electronic part, and is then cut
off by said thermo-contractive insulation tube means
which 1s contracted by the heat.
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2. An electronic part having a safe guard function as
claimed in claim 1, wherein said thermocontractive
insulating tube means comprises at least two ther-
mocontractive insulating tubes fastened around both
said low-melting-point metal element, with a predeter-
mined space between said insulating tubes.

3. An electronic part having a safeguard function as
claamed 1n claim 1, wherein said thermocontractive
insulating tube has an opening.

4. An electronic part having a safeguard function as
claimed in claim 1, wherein said electronic part, said
low-melting-point metal element, and said thermocon-
tractive insulating tube are enclosed in a casing which is
made of a flame resistant insulating material.

5. An electronic part having a safeguard function as
claimed in claim 1, wherein said electronic part com-
prises a surge absorbing element.

6. An electronic part having a safe guard function as
claimed 1n claim §, wherein said surge absorbing ele-

ment comprises a varistor or a discharge gap.
* ¥ %X % %
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